Rationale: We present a rare case of malignant pheochromocytoma with thoracic metastases during pregnancy that presented with symptoms of myelopathy and was treated with circumferential decompression, stabilization, and radiation. The management of this unique case is not well documented. The clinical manifestations, imaging results, pathological characteristics, treatment and prognosis of the case were analyzed.
Introduction
Pheochromocytoma is a metabolically-active tumor originating from the chromaffin cells of the adrenal medulla. Five-year survival rates range from 84% to 96% for benign pheochromocytoma, to about 40% for malignant pheochromocytoma. [1] Malignant forms account for nearly 10% of all cases with the lymph nodes, liver, and lungs being the most common site of metastasis. [2] Metastatic spread to the spine, however, is rare. Only 17 cases of metastatic pheochromocytoma of the spine have been reported in the literature. [3] [4] [5] Classically, pheochromocytoma manifests as paroxysmal attacks of the following 4 characteristics: headaches, diaphoresis, palpitations, and severe hypertensive episodes. [6] Long-term exposure to catecholamines leads to arrhythmias and cardiomyopathy. Initial laboratory evaluations are based on index of suspicion. High-risk patients should undergo 24-hour urinary fractionated metanephrines and catecholamines measurements (sensitivity = 98%, specificity = 98%). [7] [8] [9] Biochemical confirmation of the diagnosis should be followed by radiological evaluation of the tumor's location, using computed tomography (CT) and magnetic resonance imaging (MRI) (sensitivity 98%-100%, specificity 70%). Approximately 95% of the tumors are located within the abdomen and pelvis. [10] Additional imaging studies like iodine-123 metaiodobenzylguanidine (MIBG) scintigraphy are warranted. Genetic testing should be part of the diagnostic process. Von Hippel Lindau syndrome, Multiple Endocrine Neoplasia 2, neurofibromatosis type 1 are associated with pheochromocytoma. In pregnant women, the diagnosis is usually based on 24-hour fractionated metanephrines and catecholamines, as well as MRI. MIBG scintigraphy is not considered safe for this cohort.
To the best of our knowledge, this is the first reported case of metastatic pheochromocytoma to the spine in a pregnant woman presenting with acute myelopathy. Our patient experienced a history of paroxysmal hypertension, sudden onset numbness and decreased muscle strength of bilateral lower extremities, as well as urinary incontinence. The patient did not present with significant anal sphincter nor sexual function disturbances. To our experience, main causes of myelopathy in a pregnant woman include lumbar disc herniation, spinal canal stenosis, spondylolisthesis, nerve sheath tumors in the spinal canal such as schwannoma and neurofibroma, and rarely with spinal metastases. We performed surgical exploration, circumferential decompression, and stabilization surgery. In the short term, the patient's conditions improved significantly postoperatively.
Case presentation
In August of 2015, a 26-year-old G1P0 Chinese woman at 34-weeks gestation with no notable past medical history presented to a hospital in Edinburgh, Scotland with a 3-hour history of sudden onset numbness and decreased muscle strength of bilateral lower limbs, as well as urinary incontinence. Abdominal CT and MRI revealed a right adrenal mass (10 cm Â 7.8 cm Â 13 cm) with thoracic spinal metastases at T8, T11, and T12. An ultrasoundguided biopsy of the adrenal mass revealed features consistent with pheochromocytoma. Subsequently, a healthy female neonate was delivered by emergency caesarean section during week 34 of gestation. No major complications were documented. Because of the extent of the thoracic metastases, the physicians believed at the time that the vertebral fixation could not be safely completed after decompression surgery. The patient was placed on palliative combined radiotherapy (T7-T12, Dt 20Gy/5f, from August 29, 2015 to September 2, 2015) and chemotherapy (2 cycles of cisplatin/etoposide) to reduce the size of the tumor and to relieve the neurological deficits. After 2 cycles of chemotherapy, imaging studies were repeated showing the right adrenal mass measuring 9 cm Â 7 cm Â 14.5 cm, a 10% decrease in total volume compared to the previous image study. With extensive bone metastases and minimal decrease in tumor volume after 2 cycles of chemotherapy, the physicians decided to forgo the third cycle of chemotherapy. Because the patient wished to continue her treatment in China, she was discharged from the hospital with a prescription for 4 mg of doxazosin daily to control her blood pressure until she can be admitted again.
The patient presented to the Peking Union Medical College Hospital (PUMCH) in November 2015. The patient has been experiencing a gradual decrease in muscle strength in her bilateral lower extremities, and worsening numbness for 3 months after she first presented to the hospital in Edinburgh. Paroxysmal lower back and hip pain were present for approximately 3 months. The patient denied experiencing chest palpitations, diaphoresis, paresthesia, headaches, fatigue, and facial flushing, symptoms commonly associated with pheochromocytoma. Upon further questioning, the patient recalled a history of paroxysmal hypertension above 150/100 mm Hg during early second trimester of her pregnancy. However, the elevated blood pressure was inconsistent among each doctor's visits, and thus was thought to be nonpathological at the time. No pertinent family history was identified.
On physical examination, the patient showed decreased sensation to pin-prick below the T10 sensory level indicating possible cord compression at the T10 level and decreased sensation to fine-touch of bilateral lower extremities bilaterally, and exhibited a 2/5 strength in all major muscle groups of the lower extremities. Deep tendon reflexes revealed hyporeflexia, 1 +, for both knee-jerk and Achilles tendon reflexes bilaterally. Babinski sign was negative. Due to decreased strength of the lower extremities, gait ataxia could not be performed. Cranial nerves and higher mental function examinations were normal, and the rest of the neurological examination showed no abnormalities. The syndromic diagnosis was suggestive of T10 myelopathy (paraparesis, urinary incontinence, T10 level hypoesthesia) and radiculopathy (back pain, decreased reflexes) respectively. Routine laboratory tests were ordered, including electrolytes, liver and kidney function tests, and complete blood count. Genetic evaluations for RET, VHL, SDHB, SDHC, SDHD and 24-hour urine fractionated catacholamines were ordered. Abdominal MRI, FDG-PET/CT, and MIBG were ordered to visualize the metastatic lesions, assess the stability of the vertebral column, and aid in the formulation of a surgical approach. Preoperative hemodynamic and cardiovascular assessments included electrocardiogram, echocardiogram, and chest x-ray. Twenty-four-hour urine fractionated catecholamine revealed a normal urinary epinephrine level of 4.04 mg/24 h, an elevated urinary norepinephrine level of 125.34 mg/24 h, and an elevated urinary dopamine level of 857.14 mg/24 h. Furthermore, NSE was significantly elevated at 32.5 ng/mL. Genetic investigation was negative. An MRI of the thoracolumbar spine revealed widespread abnormal signals involving multiple vertebral levels consistent with diffused metastatic infiltration. MRI-spine showed progressive spinal cord compression at T8 caused by the epidural component of the mass, with increased metastatic marrow infiltration of the vertebral body. Specifically, the tumor had infiltrated through the T8 vertebral body and into the right pedicle and posterior elements. Furthermore, there was extraosseous spread into the right lateral aspect of the epidural space extending posteriorly, and resulting in cord compression. Metastatic infiltration of the tumor also involved the vertebral body at T11 and T12 levels extending into the right pedicle and the right side of the epidural space. The cord was visibly displaced. Spinal stenosis was significant at these 2 levels (Fig. 1) . A PET/CT scan revealed multiple osteolytic lesions of the spine, which were especially prominent at T11 and T12. PET/CT also demonstrated a right-side adrenal pheochromocytoma and multiple suspicious metastases of the spine, the right kidney, the pelvic girdle, and the left erector spinae muscle (Fig. 2) . Furthermore, a MIBG scan revealed extra-adrenal hotspots in regions T8, T11, and the pelvic girdle.
In consultation with the Department of Endocrinology, we decided to perform a circumferential decompression procedure of the spinal metastasis to alleviate the symptoms caused by the spinal cord compression and subsequently stabilize the vertebral spine. Because of the size of the primary adrenal pheochromocytoma and the extent of the metastases, the risk of surgical intervention and general anesthesia was high. Full blood pressure control, with a goal of 140/90 mm Hg using phenoxybenzamine 10 mg TID for 4 weeks prior to the operation, was recommended by the endocrinologist. Furthermore, extensive monitoring of preoperative cardiovascular and hemodynamic functions was also recommended. Criteria included the absence of ST-segment elevations on electrocardiogram and less than 1 ventricular premature complex over 5 minutes on a Holter monitor within the 4-week period prior to the surgery.
In brief, posterior circumferential decompression and T7 to L2 internal fixation were performed ( Fig. 3A and B) . For the posterior approach, the paraspinal muscles were detached gently on each side after a midline longitudinal incision was made over the spinous processes while avoiding the possible metastatic lesion in the left erector spinae that was revealed on PET. The pedicle entry points were exposed via step-by-step bilateral dissection. At first, the pedicle screws were placed bilaterally at T9, T10, and L1, followed by pedicle screw insertion at T7 and L2. Because the patient did not exhibit hemodynamic instability to the placement of the pedicle screws, fixation using a Moss SI screw-rod system was employed. Likewise, neither dissection nor screw insertion resulted in significant alterations of the blood pressure or cardiac dysfunction parameters.
Visual inspection using the intraoperative fluoroscopy showed optimal position of all pedicle screws. Perioperative blood pressure was stable, and intraoperative blood loss was approximately 600 mL. The patient's course in the intensive care unit (ICU) was uneventful. An x-ray after the surgery confirmed the correct positioning of the implants and no signs of displacement of the screws and rods ( Fig. 3C and D) . The postoperative pathology report confirmed malignant pheochromocytoma (Fig. 4) . Pathological result was positive for chromogranin A, synaptophysin, S-100, and P53 indicating pheochromocytoma from chromaffin cells of the adrenal medulla.
One week after the operation, the patient's muscle strength in the bilateral lower extremities improved to grade IV and the tendon reflexes returned to baseline. Following wound healing, the patient underwent adjuvant radiation therapy (32Gy/8f, 400cGy/f, 3-5f/w) and was prescribed phenoxybenzamine 10 mg TID for blood pressure management. Three months after the operation, she received the second cycle of MIBG therapy. The postoperative 6-month follow-up visit showed no tumor progression and no new symptoms. The blood pressure remained slightly elevated but stable. 
Discussion
The incidence of pheochromocytoma is 0.2 to 0.9 case per 100,000 individuals per year, and the malignant forms account for approximately 10% of all cases. [1, 2] The percentage of pheochromocytoma in patients with adrenal incidentaloma is about 0.4%. [11] Pheochromocytoma is extraordinarily rare, with a frequency of 0.002% in all pregnancies; thus, it can be difficult 
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Medicine to diagnose and may result in devastating consequences if mismanaged. [12, 13] Paroxysmal hypertension during pregnancy can often mimic gestational hypertension, the most common cause of elevated blood pressure (affecting 6%-8% of all pregnancies), making timely diagnosis of pheochromocytoma difficult without a high level of suspicion. [14] Maternal and fetal mortality rates are high, particularly in those who are not diagnosed until delivery. A systematic review by Biggar and Lennard [15] of 77 pregnancies in women with pheochromocytoma showed the maternal and fetal mortality rates were 8% and 17%, respectively. Pheochromocytomas are often endocrinologically active; any stimulation bears a huge risk of unwanted release of catecholamine, thus hypertension secondary to pheochromocytoma tends to be paroxysmal. A thorough investigation of the patient's hypertension history can be extremely high yield. Hypertension resistant to blood pressure medications points toward possible pheochromocytoma, while the previous history of hypertension during pregnancy or family history of hypertension during pregnancy makes gestational hypertension more likely. Second, endocrine laboratory tests may give clinicians additional information to better separate hypertension secondary to pheochromocytoma or pregnancy. Last, abdominal ultrasonography and MRI are highly recommended in patients with a high-level suspicion for pheochromocytoma. When diagnosis of pheochromocytoma was made during the antenatal period, maternal and fetal survival rates are increased significantly. [15] However, many constitutional symptoms of metastatic pheochromocytoma of the spine are vague, like back pain, which is common during pregnancy and are often overlooked. Since metastatic lesions are endocrinologically active, any stimulation bears a huge risk of unwanted release of catecholamine, resulting in hemodynamic complications. [16] Accordingly, we believe that changes in the intra-abdominal pressure or direct compression of the tumor by the enlarged uterus could have caused catecholamines to be released from the tumor, leading to the elevated blood pressure observed in our patient.
To our knowledge, this is the first reported case of a pregnant patient diagnosed with metastatic pheochromocytoma of the spine. Clinical studies looking at metastatic pheochromocytoma to the spine are lacking due to the extremely low incidence rate. Based on our review of the 17 case reports on PubMed (Table 1) , [3] [4] [5] [17] [18] [19] [20] [21] [22] [23] [24] metastatic pheochromocytoma of the spine is slightly more common in the thoracic region (47%) and is more commonly diagnosed during the fourth and fifth decades of life for the sporadic form (mean age: 43.2 years; range: 23-69 years). [25] Familial forms tend to develop at a younger age and are usually bilateral, whereas sporadic tumors are more commonly unilateral. [6, 26, 27] Malignant pheochromocytoma has similar radiographic and histologic characteristics as its benign counterparts. Malignant pheochromocytoma is based on the invasion of adjacent structures or the presence of multifocal disease. The location of the spinal lesion determines the neurological deficits. Cord compression in the thoracic and lumbar regions usually shows symptoms of myelopathy, which include lower back pain, lower extremity paresthesia and weakness, and urinary incontinence. Imaging studies play a crucial role in the surgical intervention decision making. Imaging studies can demonstrate spinal cord compression, and pathological vertebral fractures. In previous case reports, MRI of metastatic spinal cord pheochromocytoma appears as inhomogeneous lesion of spine, isointense on T1WI and hyperintense on T2WI, and indistinguishable from other metastatic spinal lesions. [28, 29] The "gold-standard" to diagnose pheochromocytoma relies on pathological findings. Histopathologically, metastatic spinal pheochromocytomas are characterized by an architecture of nests of tumor cells separated by vascular septa with the cells showing significant nuclear pleomorphism with prominent nucleoli. Generally, metastatic pheochromocytomas are commonly immunoreactive for chromogranin A and synaptophysin. [30] The best treatment for metastatic spinal pheochromocytomas causing myelopathy is posterior decompression and tumor resection, followed by internal fixation. [31] [32] [33] This protocol accomplishes 2 objections: it alleviates the neurological deficits by decompressing the stenosis and at the same time provides histopathological specimens for diagnosis, which is valuable in cases where the patient presents with atypical clinical and radiological findings. [34] There are several considerations to keep in mind: preoperative hemodynamic instability and cardiac arrhythmia control, possible incomplete tumor resection, intraoperative blood loss and hemodynamic instability, and, lastly, postoperative adjuvant therapy. During the preoperative period, patients should receive alpha blockade, with or without metyrosine for at least 2 weeks prior to surgery. Cardiovascular functions should be monitored with periodic ECGs, a Holter monitor, and echocardiography. The highly vascular nature of the tumor and its potential for infiltration makes total resection difficult, thus recurrence is common. As the tumor is highly vascular, there may be significant intraoperative blood loss which may necessitate blood transfusion. Intraoperative blood loss can be minimized by routine use of preoperative alpha blockade and embolization. [35, 36] A review of the literature revealed that the risk of hemodynamic instability is prominent during the resection of an active lesion. Fluctuations in heart rate and blood pressure can result from anesthesia induction and tumor manipulation. [28, 37] However, intraoperative hemodynamic and cardiovascular complications resulting from the resection of metastatic spinal lesions of pheochromocytoma are infrequent. [1] Adjuvant treatment aiming at controlling residual tumor is recommended for most patients. [38] This includes MIBG therapy, radiotherapy, and chemotherapy. The survival benefit of resection of spinal metastases is still unproven. However, such a procedure does have the benefit of reducing the tumor burden, decompressing the spinal stenosis, and facilitating subsequent chemotherapy and radiation therapy. Due to the rarity of the disease, there is currently no consensus on the appropriate chemotherapy regiments for the management of pheochromocytoma with spinal cord metastases. However, the commonly used chemotherapy drugs include Cisplatin, Etoposide, Cytoxan, vincristine, and dacarbazine. [1] Six months after the procedure, our patient's postoperative condition remained uneventful and her neurological functions returned to baseline. Nevertheless, abnormal coagulation and cardiovascular remodeling are common postoperative complications. They account for a significant percentage of morbidity following resection of metastatic pheochromocytoma in the spine. [1] We hope the readers of this manuscript can see how we managed a pregnant patient with pheochromocytoma and secondary spinal cord metastases presenting with symptoms of myelopathy. Limitations of this case report include that we did not perform a combined resection of the spinal metastasis and the primary adrenal pheochromocytoma as 1-stage operation, mainly limited by the high risks associated with the surgical procedure. We believed that changes in the intra-abdominal pressure or accidental compression of the tumor could cause Liu et al. Medicine (2017) 96:44 www.md-journal.com Table 1 Clinical review of 17 previously published metastatic pheochromocytomas of spine. Teno et al [14] 1996 44,M Kato et al [17] 1999 Kasliwal et al [18] 2008 47,M [19] 2014 significant fluctuations in heart rate and the blood pressure. Last, in our patient, dexamethasone was not initiated at admission. Despite her functional status returning to baseline after the procedure, high-dose dexamethasone should have been started upon the diagnosis of spinal cord compression to avoid potential spinal cord edema before surgical intervention.
Conclusion
Although rare, metastatic pheochromocytoma of the spine should be part of the differential when a patient presents with neurological deficits and labile blood pressure. Paroxysmal hypertension is often attributed to gestational hypertension in pregnant patients and thus overlooked without a high level of suspicion for pheochromocytoma. Clinical symptoms are generally the result of the tumor burden, and pathological findings remain the "gold standard" for diagnosing malignant pheochromocytoma. We recommend the posterior approach for spinal decompression of the metastatic tumor when the tumor has caused neurological deficits, especially myelopathy. With a multidisciplinary team approach, proper planning, and adequate perioperative medical management, metastatic pheochromocytoma in the spine can be managed effectively. Ethic statement: Written informed consent was obtained from the patient for the publication of this article, a copy of which is available for review from the editors of Medicine. Because this article does not involve any human or animal trials, it did not require institutional ethical review and approval.
